Introduction
dition to glucose-lowering effect and enhancement of insulin sensitivity, metformin has pleiotropic effects such as antiinflammatory, antioxidant, endothelial barrier-enhancing, and antithrombotic effects [5] [6] [7] . Several experimental animal models of acute lung injury showed that pretreatment with metformin preserves alveolar capillary permeability; therefore, metformin decreases the occurrence and severity of acute lung injury in high-pressure ventilation 8 . In a recent populationbased cohort study, preadmission metformin use reduced 30-day mortality among medical and surgical intensive care unit (ICU) patients with diabetes 9 . However, there are few studies regarding potential favorable effect of metformin focusing on patients with ARDS.
Therefore, we aimed to identify the beneficial effect of preadmission use of metformin for patients with ARDS and diabetes.
Materials and Methods

Patient eligibility
We retrospectively reviewed the medical records of patients who were admitted to the medical ICU and patients with ARDS were screened based on the International Classification of Disease 10 code at Seoul National University Hospital from January 1, 2005, to April 30, 2015. Then we confirmed adequacy of having ARDS by newly revised Berlin definition. We identified type 2 diabetes among the ARDS patients by using an algorithm incorporating any previous inpatient or outpatient records for clinical diagnosis of diabetes, any filled prescription for an antidiabetic drug or a glycated hemoglobin A1c (HbA1c) level of 6.5% or more within 3 months of the admission 2 . Demographic characteristics, laboratory findings, preadmission antidiabetic drug usage, severity of illness, ventilator setting, steroid usage, interventions conducted in the ICU and clinical courses were reviewed. We excluded patients who were younger than 18 years of age clinically diagnosed as having ARDS, but who were not mechanically ventilated for various reasons, such as refusal of any invasive procedure including intubation. We also excluded patients who died within 48 hours after ICU admission.
Ethics statement
This study was approved by the Institutional Review Board (IRB) of Seoul National University Hospital (IRB No. 1511-039-718). The requirement of informed consent from the patients was waived because of retrospective nature of the medical record review and anonymity of reporting.
Definition of preadmission metformin usage
For each patient, we identified all prescriptions for antidiabetic drugs within 3 months preceding admission. Prescription data were obtained from the Seoul National University Hospital electronic medical record database, or identified from medications prescribed at other hospitals. We defined metformin users as those who have taking metformin within 3 months before ICU admission; other patients with diabetes were defined as metformin nonusers.
Severity of ARDS
Severity of hypoxemia was classified as mild, moderate, or severe according to the Berlin definition 1 . We considered other clinical factors for the severity index of ARDS including lung injury score (LIS), degree of alveolar consolidation on chest radiograph, lung compliance, time to intubation and mechanical ventilation. Both LIS and degree of alveolar consolidation on chest radiograph were assessed by same qualified clinician who has specialty in respiratory medicine.
The LIS is composed of four components: (1) chest roentgenogram score; (2) hypoxemia score; (3) positive endexpiratory pressure (PEEP) score; and (4) respiratory system compliance score, in which each component was categorized from 0 to 4 with the higher score as worse 10 . The total LIS was calculated by dividing the sum of each component score by the number of components used. The LIS is classified as no lung injury (0 point), mild-to-moderate lung injury (0.1-2.5 points), and severe lung injury (>2.5 points) 8 . For LIS, static compliance of the respiratory system is used, but it has a restricted application in retrospective study. Therefore, we supplemented dynamic lung compliance as an alternative index of ARDS severity.
We utilized a bedside chest radiograph instead of computed tomography (CT) for evaluation of alveolar consolidation because it is difficult to obtain chest CT from all patients in ICU.
In our medical ICU, we applied low tidal volume strategy (6 mL/predicted body weight) to ARDS patients and other parameters of ventilator were adjusted for each patient.
We measured clinical outcomes of ARDS patients with diabetes depending on usage of metformin including mortality, the primary outcome, and secondary outcomes such as ventilator-free days, ICU-free days and indicators of severity of ARDS.
Clinical outcomes
We calculated in-hospital mortality, ventilator-free day and ICU-free day as clinical outcomes. And, we also evaluated intervention in ICU such as extracorporeal membrane oxygenation, renal replacement therapy, and tracheostomy. Tuberc Respir Dis 2017;80:296-303
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Statistical analyses
Statistical tests were performed with STATA software version 13.1 (StataCorp, College Station, TX, USA). A chi-square test for comparison of categorical variables and a Student t test for continuous variables were applied. We performed univariable and thereafter multivariable logistic linear regression analysis with adjustment by confounders. A propensity score was derived from a logistic regression model used as a dichotomous dependent variable. There were few patients in the metformin use group; therefore, we performed an exact logistic regression analysis and used Firth' s penalized-likelihood approach to compensate for the small sample size when we analyzed the propensity-matched cohort. We used a KaplanMeier curve to analyze survival. p<0.05 was considered significant.
Results
Patients with ARDS and diabetes
A flow diagram for the study is presented in Figure 1 . Among 558 patients who met the Berlin definition of ARDS, 128 (23.3%) had diabetes. Among ARDS patients with diabetes, only three patients were treated with metformin monotherapy, 30 patients used combination treatment, and other antidiabetic medications except metformin were prescribed to 69 patients. Twenty-six patients did not use any antidiabetic medications because of favorably controlled diabetes or unawareness of diabetes until admission. Among the combination treatment group including metformin, 14 patients (46.7%) were treated with metformin and sulfonylurea, seven (23.3%) with metformin and dipeptidyl peptidase-4 inhibitor, and eight (26.7%) with more than the triple combination regimen, respectively. We divided patients into two groups: metformin users and metformin nonusers comprising patients who were treated with other antidiabetic drugs except metformin and untreated patients.
Comparison of clinical characteristics between metformin users and nonusers
The baseline characteristics of all 128 patients who were clinically diagnosed as having ARDS with diabetes are shown in Table 1 . Mean age was 69.8 years and 72.7% of metformin users were male. The mean time interval between hospital admission and ICU admission was 8.9 days for metformin users and 7.7 days for nonusers. The most common cause of ARDS was direct lung injury, such as caused by pneumonia in both groups. The comorbid conditions were not significantly different between the groups. Only numbers of patients with chronic kidney disease were significantly high among metformin nonusers.
Severity indexes such as Acute Physiology and Chronic Health Evaluation II (APACHE II) and Sequential Organ Failure Assessment (SOFA) scores were not significantly different from those for patients with or without metformin use (APACHE II: 31.8±8.7 vs. 31.0±7.6, p=0.61; SOFA: 9.9±4.2 vs. 9.6±3.5, p=0.73). The quality of blood glucose control was assessed by initial glucose level before insulin administration at the time of ICU admission and HbA1c. Although the mean initial blood glucose level was significantly higher in metformin users (251.9±98.1 vs. 210.3±89.3, p=0.03), the mean HbA1c was Table 2) . To compare the severity of systemic inflammation, inflammatory markers including C-reactive protein, white blood cell count, and lactic acid were reviewed; however, there was no significant difference between the groups. At the ICU admission, initial ventilator setting was not different between the groups. A large proportion of patients (>80%) had mild-to-moderate ARDS severity, and the severity was not significantly different between the groups. At the time of clinical diagnosis of ARDS, mean quadrant alveolar consolidation on chest radiographs (2.8±0.8 vs. 2.9±0.9, p=0.88) and mean LIS (2.2±0.5 vs. 2.2±0.6, p=0.95) were similar in both groups (Table 2 ).
1) Comparison of outcome between metformin users
and nonusers Among 128 ARDS patients with diabetes mellitus, 89 patients (69.5%) died and 39 (30.5%) survived during hospital stay. Use of metformin did not significantly reduce the risk of in-hospital mortality in patients with ARDS (odds ratio
[OR], 0.69; 95% confidence interval, 0.30 to 1.61; p=0.394). The 30-day mortality was higher in metformin nonusers than users, but this was not significant (Table 3, Figure 2 ). We also analyzed 60-and 90-day mortality, but the results were similar. At 30 days since ICU admission, mean ventilator-free days (19.9±6.5 vs. 18.4±7.2, p=0.33) and mean ICU-free days (17.1±7.1 vs. 16.1±7.5, p=0.53) were not significantly different between metformin users and nonusers. The mean total length of stay in hospital tended to be longer in nonusers (47.8±54.8 vs. 54.8±104.3, p=0.60) than users, but the difference was not significant.
The relationship between 30-day mortality and the clinical parameters was modeled using logistic regression analysis. The ORs of death within 30 days of ICU admission in unmatched and matched cohort are presented in Supplementary Table S1 . In a matched cohort, body mass index, immunosuppressed patients, tachycardia, hemoglobin, lactic acid, high PEEP were significantly related to 30-day mortality. But, none of variables showed significant association with 30 days mortality in propensity matched cohort (Table 4 ). Neither in the unmatched cohort nor the propensity matched cohort, was there any significant association between treatment with metformin and 30-day mortality.
Despite the significantly short time between initiation of mechanical ventilation and nitric oxide (NO) use in metformin users (0.7±1.5 days vs. 8.2±7.6 days, p≤0.01), there were only a small number who used NO (10 of 30 patients vs. 30 of 95 patients, p=0.89). We also assessed the utility of venovenous extracorporeal membrane oxygenation, but only three metformin users and six nonusers were identified and there was no significant difference between them (Table 3) . We also reviewed the usage of steroid during ICU care. In total, 67 patients (50.4%) were prescribed steroid after ICU admission. There is no significant difference on use of steroid between metformin users (51.4% vs. 50.0%, p=0.88) and neither in dose (734.3±391.7 mg vs. 865.7±535.3 mg, p=0.34) nor duration (21.3±3.2 days vs. 32.4±100.1 days, p=0.64) compared with metformin nonusers (data are not shown).
Discussion
This study provides some support for the hypothesis that preadmission metformin could have protective effect for ARDS. We used propensity-matched analysis to overcome the weakness of our retrospective design. However, pretreatment with metformin in patients with diabetes did not show significant influence on the clinical outcome in ARDS patients.
Among 558 patients who met the Berlin definition of ARDS and were subsequently diagnosed as having ARDS, 128 (23.3%) had diabetes. This finding was consistent with the previously reported decreased incidence of ARDS in diabetic patients 11 . Diabetes is regarded as protective factor for the development of ARDS even after adjustment for confounders, such as age and severity of illness 12 . It is thought that diabetes may be involved in pathogenesis of ARDS and alter the development by altering the immune system and inflammatory response, such as adherence of neutrophils to endothelium or Values are presented as mean±standard deviation or number (%) (n=128). ARDS: acute respiratory distress syndrome; APACHE II score: Acute Physiology and Chronic Health Evaluation II score; SOFA score: Sequential Organ Failure Assessment score; HbA1c: glycated hemoglobin; PEEP: positive end expiratory pressure; PIP: peak inspiratory pressure; FiO 2 : fraction of inspired oxygen. www.e-trd.org bactericidal activity of inflammatory cells 11, 13 . There are several studies suggest that pretreatment with metformin attenuates ventilator-induced lung injury by preventing increased pulmonary microvascular permeability in response to deleterious mechanical ventilation in an animal model 8 . Also, beneficial effect of metformin on decrease in inflammatory cytokines when added to intensive insulin therapy was reported 14 . However, we could not identified inter-group differences of inflammatory markers (white blood cells, C-reactive protein, and lactic acid) between metformin users and nonusers and status of glycemic control by HbA1c level as well.
Most patients who clinically diagnosed as ARDS were resulted from direct lung injury and this might contributes no inter-group differences of inflammatory markers. In fact, because metformin is switched to insulin upon ICU admission and this makes any effect of preadmission metformin use in our study more vague and difficult to interpret.
Along the lines of our study, Christiansen et al. 9 reported that the preadmission use of metformin was associated with a lower mortality in ICU. Because they included medical and surgical ICU patients with diabetes together, patients are more frequently continued metformin during hospitalization until the day before surgery or ICU admission. Those patients might have more chance to take their usual anti-diabetic drugs during the early phase of critical illness. On the other hand, we included only ARDS patients who admitted to medical ICU. The pleiotropic properties of metformin [5] [6] [7] might influence the progression of ARDS, especially in the early phase. However, time interval between hospitalization and ICU admission took more than 7 days in our cohort and it implies early phase of critical illness might be went through without keeping usual anti-diabetic drugs.
Moreover, unlike the hypoglycemic effect of metformin, little is known about the anti-inflammatory effect of metformin. For example, metformin has half-life 6-18 hours on hypoglycemic effect but not in respect of anti-inflammatory effect 2 . There are some hypothesis for these findings, such as that metformin exerts its anti-inflammatory action by increasing formation of the endogenous nucleoside adenosine, which could potently modulate inflammation 15 . However, unfortunately, there are virtually no data regarding the duration and persistence of anti-inflammatory properties of metformin. It makes clinicians difficult to estimate any protective effects of preadmission metformin use on ARDS.
There were significantly more patients who had chronic kidney disease among metformin nonusers even in propensity-matched cohort, which is consistent with the strategy that metformin is seldom prescribed to patients with chronic kidney disease and shock because of concern for lactic acidosis, which is a rare adverse effect 16, 17 . However, metformin use did not significantly affects the outcome of ARDS, even after adjustment for chronic kidney disease. Direct lung injury mainly due to the respiratory infection is frequently accompanied by acute kidney injury and about 30% of patients in both metformin users and nonusers were treated with renal replacement therapy in ICU. Progression of renal injury in infectious process before ARDS would possibly contribute discontinuation of oral hypoglycemic drugs especially metformin because of concerns over acidosis.
There are several limitations in this study. First, there was a small study population because of the single-center design. Only 33 ARDS patients with diabetes were prescribed metformin for glycemic control before ICU admission. Second, because our study is retrospective design, we could not identify the exact duration of metformin use and years follow-up period for diabetes. Third, contrary to expectations, there are few data about the anti-inflammatory pharmacokinetic action of metformin. Lastly, although we compared variety of clinical characteristics in unmatched and age, sex matched cohort, there might be confounding effects of other strategies on prognosis of patients during hospital course.
In conclusion, we did not show any significant beneficial effect of metformin on clinical outcomes of ARDS in this study. However, considering beneficial effect of metformin on the early stage of inflammation on previously reported experimental studies, further large studies are needed to evaluate the effect of pretreatment of metformin on ARDS beyond its anti-diabetic effect.
Supplementary Material
Supplementary material can be found in the journal homepage (http://www.e-trd.org). 
Conflicts of Interest
No potential conflict of interest relevant to this article was reported.
